Pest management can have substantial impacts on non-target species both within and outside the units being managed. Assessment of these impacts is hampered by the lack of even the most basic checklist of the species present in most systems. The maize agroecosytem is of particular interest because of the large area covered and the intensity of widely varying forms of pest management. In this study a database of lepidopteran species that occur within the maize agroecosystem in the United States was compiled. The process was initiated by developing a list of plants present in maize using published sources and the first-hand knowledge of "weed" experts. This list of plant species associated with maize was then cross-listed with lepidopteran host feeding records using published sources. Finally, phenological profiles and conservation rankings were added. Although our list is not exhaustive, we found 132 plant species in 33 families associated with maize, and 229 lepidopteran species in 21 families that feed on these plants. The database of plants and lepidopteran species can be a starting point for assessment of risk to non-target Lepidoptera in maize from chemical control, biological control, and the use of transgenic Bt maize. The lepidopteran species associated with maize were found to be significantly less imperiled, as measured by their conservation rankings, than lepidopteran species as a whole in all habitats. This finding suggests that rare or endangered lepidopteran species are unlikely to be impacted by pest management in maize. Based on the likely lack of impact of pest management in maize on individual species, future studies should focus on potential impacts on the ecological services that lepidopteran species provide.
INTRODUCTION
Pest management and conservation are the two major endeavors involved with the management of insect populations. Although they are often considered separate or even in conflict with each other, these two disciplines are inextricably linked and interdependent. The goal of insect pest management is to maintain insect pest species below threshold densities. Pest management tactics interfere with the ability of insects to survive, reproduce or exploit resources, and the impacts of these tactics are very rarely confined to the target pest species. These relatively broad effects clearly impinge on a substantial proportion of insect habitats since, 70% of the land on earth is utilized for agriculture and forestry and presumably receives some level of pest management (Western, 1989) . Two main goals of insect conservation are the preservation of rare insect species and of the ecological services that insect populations provide. Clearly, pest management practices can have important impacts on the conservation of insects and conversely, most managed systems could not function without the ecological services such as pollination, the biological control of pests, and decomposition of plant and animal tissue that insects provide. The first step towards a comprehensive insect management program that would provide adequate pest suppression, maintenance of ecological services, and minimal impact on rare species is a detailed assessment of which insect species are likely to exist in the managed system. Unfortunately, this baseline accounting of insect species is lacking for almost every managed system.
Here we describe a portion of the insect community associated with maize in the United States. The maize system is of particular interest because it outranks all other cultivated crops in the USA in terms of overall value, land area covered, and total pesticides used (U.S. Grains Council, 2002) . Over 240 million metric tons of maize were produced in the USA in 2001, which was just over 41% of worldwide maize production (FAS-USDA, 2002) . In the USA, maize is valued at $ 19 billion/year, it is grown on 32 million hectares, and over 100 million kilograms of pesticides are used annually (Economic Research Service-USDA, 2002; Padgitt et al., 2001) . Pesticide usage consists primarily of insecticides that can directly impact non-target insects and herbicides that can impact insects indirectly by removing host plants. Considering the size of the maize system and the intensity of pest management applied to it, the potential for substantial impacts on nontarget insect species and services would appear to be high. Insects provide important ecological services in the maize system including contribution to the biological control of key pest insects and weeds.
The large area covered by maize production and the broad range of ecoregions encompassed would make an accounting of all insect species impractical for the scope of a single study. In this study we focus on species in the order Lepidoptera. The Lepidoptera were chosen because they include some of the major maize pests (e.g., Ostrinia nubilalis, and Heliocoverpa zea) and this taxon also contains a substantial number of rare or endangered species. In addition, one of the few pest management tactics that is specific to an insect order, the use of transgenic maize expressing a gene encoding a Bacillus thuringiensis endotoxin (hereafter referred to as Bt maize), is specific to Lepidoptera. Since Lepidoptera are generally not predaceous or parasitic, they do not contribute to the suppression of pest insects. Although there are few data on the ecological roles of most Lepidoptera in maize, it has been documented across several systems that many lepidopteran species contribute to the biological control of important weed species (Julien and Griffiths, 1998) , and they provide alternate prey for the natural enemies of important pests (Biddinger et al., 1994; Pavuk and Stinner, 1991) . An accounting of Lepidoptera in maize will greatly facilitate the design of management plans that provide adequate pest suppression while maintaining ecological services and minimizing effects on rare species. The objective of this study is to provide a baseline list of the lepidopteran species that are likely to occur in and around maize in the continental USA.
RESULTS
The survey of plants associated with maize identified 132 species in 33 families. The plant families accounting for the most species were Poaceae with 28 and Asteraceae with 20 (Appendix 1). Several plant families were represented by a single species. More than half the species (51.5%) were ranked as rare in maize, while 35.6% were ranked as common and 12.9% were ranked as abundant.
The survey of lepidopteran species that feed on plants associated with maize identified 229 species in 21 families (Appendix 2). The lepidoteran families accounting for the most species were Noctuidae with 84 and Hesperidae with 31. Several lepidopteran families were represented by a single species. Approximately one quarter of the lepidopteran species was identified as feeding on more than one plant species.
The distributions of global and national conservation status ranks for lepidopteran species identified as associated with maize were significantly different than the distributions of ranks for all lepidopteran species ranked in the NatureServe database (P < 0.0001; Figs. 1 and 2). Higher proportions of lepidopteran species associated with maize were assigned higher ranks (denoting a more secure status) compared to the proportions of all ranked lepidopteran species. Specifically, 87.4% of maize species were assigned a rank of G5 (globally secure) and 83.7% were assigned a rank of N5 (nationally secure), compared with 55.4% and 27.9%, respectively, for all the lepidopteran species ranked in the NatureServe database.
Only one maize-associated species, the mottled duskywing, Erynnis martialis (Lepidoptera: Hesperiidae), was assigned a rank below G4, denoting the species is at risk globally. It is important to note that although the karner blue butterfly, Lycaeides melissa samuelis (Lepidoptera: Lycaenidae), is ranked at G5, it is arguably more endangered than the mottled duskywing. Both species occur on host plants that are associated with maize but the largest stands of karner blue's primary host, wild lupine, grow in pine/oak savannahs that are rapidly disappearing due to fire suppression and development. Based on the rapid decline in its habitat the karner blue has been placed on the United States endangered species list. Both the karner blue and the monarch butterfly, Danaus plexippus (Lepidoptera: Nymphalidae), were assigned national ranks of N2 (nationally imperiled). The mottled duskywing and the southern scalloped sooty wing, Staphylus mazans (Lepidoptera: Hesperiidae), were assigned ranks of N3 (nationally vulnerable). As illustrated by these examples, national ranks are often lower than global ranks because they represent a subset of all the populations of a species. Thus a species could be imperiled in several individual countries yet globally secure. All other ranked species associated with maize were assigned ranks of N4 or N5 that denote apparent or demonstrable security nationally.
DISCUSSION
The results of this survey show the unexpected complexity and diversity associated with the maize agroecosystem. Specifically they indicate clearly that there is a substantial number of lepidopteran species that feed on plants in and around fields of maize. This list of species can provide the basis for assessment of risk from a pest management tactic. Using this data set, species can be selected for more in-depth risk assessment based on their phenology and their security status. For example, univoltine species that go through their development in June could be given low priority for tactics applied in July and imperiled species with low security ranks could be given higher priority than those with higher security status ranks.
When considering either the list of species or their relative security potential, sources of bias should be considered. Lepidopteran checklists are probably likely to have a bias towards more common species, while the data on species security is more complete for less secure species that are usually rare. Groups such as the microlepidoptera that have not been well studied are almost certainly underrepresented in most sources. While each individual source may miss several rare species, by consulting a large number of sources we are confident that we have assembled sufficient data to firmly ground our conclusions.
Once a group of species is selected, risk assessment could proceed by gathering data on: (1) the relative importance of maize as a habitat for the host plant; (2) the relative importance of that plant for the herbivore species; and (3) the susceptibility of the species to impact from the management tactic being assessed. Further information may be available on the relative importance of maize as a habitat for the host plant. Because most non-crop plants in and around maize fields are considered weeds, the make-up of these plant communities is fairly well known. Unfortunately, what is not known for most of the plants associated with maize is the proportion of their total distribution that falls within a distance that is likely to be affected by a given pest management tactic. An additional complicating factor is that the adoption of reduced tillage systems has increased the diversity of plants occurring in agricultural fields (Cardina et al., 1991) .
It is possible to gauge the relative importance of a given set of host plants for a lepidopteran species by more in-depth scrutiny of the species life history. Specialist herbivores feeding on plants that grow exclusively near maize fields are much more likely to be affected by pest management in maize than herbivores that feed on plants growing in several habitats, in addition to maize. This type of niche analysis for a large number of species would not be trivial, so it is probably best reserved for those species that are identified as high priority in the initial screen.
By combining the relative importance of maize as a habitat for the host plant and the relative utilization of that host plant by the herbivore species, it is possible to estimate the importance of maize fields as a habitat for the lepidopteran species being examined. The data gathered will be equally applicable to any pest management tactic. Conversely, data on susceptibility will be almost completely specific to the tactic being assessed. There is a large amount of published data available on the susceptibility of many lepidopteran species to chemical applications and smaller amounts of data available on the Bt toxin that is incorporated into transgenic maize (Johnson et al., 1995; Peacock et al., 1998) , and the egg parasitoid Trichogramma that is used as an augmentative biological control agent (Hoffmann et al., 1995; Orr et al., 2000) . Unfortunately, an assessment of the susceptibility of all the lepidopteran species associated with maize is not available for any of the tactics. In general, most lepidopteran species are physiologically susceptible to the insecticides used to control lepidopteran pests in maize. However, susceptibility to chemical insecticides is dependent on relative size and feeding niche. Small larvae feeding on exposed leaves will be more susceptible than large larvae feeding in a protected area like the roots or stalk of a plant.
In contrast to insecticides, physiological susceptibility to the Bt toxin varies widely within lepidopteran families and even within genera (Johnson et al., 1995; Peacock et al., 1998) . This extreme variability essentially makes it impossible to establish a phylogenetic pattern that could guide the risk assessment process. Thus, a full assessment of any lepidopteran species for which no data on susceptibility to Bt exists may require standardized toxicity testing.
Among the three main tactics the fewest data exist for susceptibility to Trichogramma wasps. The challenge in assessing risk for Trichogramma is that laboratory measures of physiological susceptibility (e.g. tests of oviposition in the eggs of a particular lepidopteran species) do not necessarily lead to accurate predictions of the level of non-target risk in the field. A current study, utilizing the database presented here, is assessing both the physiological and ecological susceptibility of a large group of lepidopteran species associated with maize to Trichogramma ostriniae (Wright et al., unpublished) .
In addition to providing a list and biological information for more in-depth risk assessment, our review also uncovered an emergent property which applies generally to the complex of lepidopteran species that are associated with maize: only a very small proportion of the complex of lepidopteran species associated with maize are rare or endangered. In fact, this complex of species appears to have a lower proportion of rare or endangered species than the Lepidoptera as a whole. This is probably due to the large area covered by maize in a wide range of ecoregions and the fact that most of the plants associated with maize (e.g. weeds) are also adapted to thrive in other disturbed areas including other crops. In general, based on the prevalence of the maize habitat, any Lepidopteran that feeds on a plant associated with maize is probably not in immediate peril. The implication of this emergent property is that pest management tactics applied to maize are unlikely to affect an endangered or threatened lepidopteran species associated with non-maize plants that grow in and around maize fields.
The predicted lack of effects on endangered lepidopteran species does not mean that pest management tactics will not have negative impacts on the lepidopteran complex in maize as a whole. Many common lepidopteran species provide invaluable services such as the biological control of weeds (Julien and Griffiths, 1998) , pollination (Buchmann and Nabhan, 1996) , and alternate hosts for parasitoids of insect pests (Biddinger et al., 1994; Pavuk and Stinner, 1991) . If pest management tactics depress lepidopteran densities, they may interfere with the provision of these services. If maize fields are serving as sources of the species providing these services in other systems, then even local depression of lepidopteran densities may cause disruption of the services on a regional basis. Thus, further assessment of the risk to the lepidopteran species associated with maize should focus on functional guilds as well as individual species.
MATERIALS AND METHODS
The first step in any risk assessment is developing a list of species that might be affected by the pest management Since Lepidoptera are almost universally herbivorous, our first step in generating a list of lepidopteran species associated with maize was to determine which plant species were likely to be associated with this crop. The list of plant species in maize was generated through a combination of published data and personal knowledge (RGH) of plants in the maize system. The list is not intended to be exhaustive, but it does include most of the common and abundant plants, and illustrates the wide variety of plants associated with maize production. Each plant species was ranked as abundant, common, or rare by RGH.
The next step in our sequential approach was to determine which lepidopteran species feed on plants within the maize system. By cross-listing the plant species with the lepidopteran species that feed on these plants, an initial list of non-target herbivores was generated. All records of lepidopteran feeding on individual host plant species are based on published sources.
Once it had been determined which lepidopteran species feed on plant species in the maize system, the next step was to determine which of those herbivore species are feeding in the larval stage during the period when pest management tactics are likely to affect them. Since most pest management that would affect lepidopteran species in USA maize fields is undertaken in the summer months, we restricted our phenological profile to larval presence/absence in June, July and August. This phenological overlap with pest management tactics can serve as one measure of the potential severity of risk to individual species. The "effective" period is well known for most pest management tactics. To be affected by a given tactic, larvae must be present during or immediately after this period. Although exact phenological data are not available for many of the lepidopteran species identified, it is often possible to determine which of the summer months the larvae of most species are known to be active.
The final step in our protocol was the inclusion of a relative imperilment or security status ranking for all species currently ranked by NatureServe (2001). These ranks are calculated through consultation of both published sources and a network of taxon specific expertise (NatureServe, 2001) . The conservation rank of a species known or assumed to exist within a jurisdiction is designated by a whole number from 1 to 5, preceded by G (Global) or N (National). The ranks have the following meaning: 1 = critically imperiled; 2 = imperiled; 3 = vulnerable to extirpation or extinction; 4 = apparently secure; and 5 = demonstrably widespread, abundant, and secure. G1, for example, indicates critical imperilment on a range-wide basis while N1 indicates critical imperilment within the United States. These rankings provide a measure of which potentially affected species should be of particular concern.
Global and national ranks for Lepidoptera identified in our study as being associated with maize were compared with ranks of all the lepidopteran species (across all habitats) from the NatureServe database (NatureServe, 2001) . Species with a rank range were assigned the lower rank. For example, a species ranked as G3G4 were assigned a rank of G3 for this analysis. Comparisons were analyzed with the two-tailed Fisher's exact chisquare test, PROC FREQ (SAS Institute, 1996 Global rank National rank
